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Abstract—In Japan, the demand for nursing home is increasing
due to the increase in the number of elderly people. However,
the work burden for nursing staffs is very large. Specially, they
spend much time in making care reports which reduces the time
for doing the essential care for residents in a nursing home.
Therefore, to reduce the load for staffs, the system on which
staffs can create reports easily and instantly is needed. In this
paper, we propose a mobile memo system that switches the view
according to the location automatically and assists inputting the
necessary information. Qur proposed system enables care staffs
to prepare the care report about caring for the elderly person
quickly. Through the evaluation in the emulated environment, we
show that our system succeed to reduce the time for recording
by 37.9% and 58.9%, compared with the conventional system
and traditional handwriting, respectively.

Index Terms—Nursing Care, Mobile Application, BLE Beacon

I. INTRODUCTION

In recent years, the demand for nursing care services has
been increasing along with the increasing number of the aging
population in Japan. However, due to the increased workload
and lack of nursing care staff, the quality of nursing care
services is declining and it has become a problem. According
to the survey of nursing care homes in 2016 [1], 62.6% of
the nursing homes answered that they are suffering from the
lack of nursing staff. Hence, one nursing staff has to do the
nursing for several residents simultaneously, which intensifies
the work load.

Among various kinds of work of the nursing staff, writing
daily care report is the most important one. Daily care report
is a record that includes the information of the status and
activities of the residents. Fig. 1 shows the typical care report
format used in Japan. It mainly consists of two parts. The left
side is indicates the time of completion of activities such as
toilet, meal, rehabilitation, etc. The right side is a column for
writing detailed care records such as vital data, meal contents,
contents of rehabilitation etc. The daily care report is usually
used to improve the nursing service and share the information
with other nursing staffs, the resident or the family of the
resident. Although writing daily care report is very important,
it has become a heavy load to the nursing staffs. Miwa et al.
[2] reported that about 25% of the work time is consumed in
writing care reports.
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Therefore, we have started research on the semiautomatic
generation of nursing care reports by collaborating with actual
nursing home. Our previous work [3]-[6] focused only on
filling the left side of the care report (Fig. 1) and proposed
the system consisting of BLE beacons attached to residents
and beacon scanners deployed in the facility. By observing
the variation of RSSI, the system recognizes and records the
location of residences with time stamp. In this paper, we focus
on the right side of the care report where the detailed care
contents are recorded.

In a nursing home, there is a strong correlation between
the nursing care location and nursing care content. In order
to record items depending on nursing care contents, we need
to achieve two important points. First, the system should be
able to detect and specify the care recipient and the nursing
care place instantaneously. Second, the nursing staff should be
able to easily record the nursing care content depending on the
nursing care place. Currently, most of the nursing homes attach
sticky notes in each location of the home, and nursing staffs
write nursing care content on the sticky note every time they do



the nursing. However, in this method, staffs must collect and
classify these sticky notes for each resident, then summarize
them as nursing reports, which is a heavy load to the staffs.

Many applications for recording care contents have been
released in the market. However, since these applications have
many contents to input, it takes many steps before the staff
completes them all. Also, they assume to be used in the nursing
office. Therefore, the nursing staff still have to spend long time
for making the care record every evening.

To solve the problem in recording the care report, we
propose a novel mobile application with view switching func-
tion and information complementing function according to the
location. In our system, the mobile devices (we use iPod touch)
that nursing staffs carry with specify both the nursing care
location and nursing care recipient by observing the Bluetooth
Low Energy (BLE) signal from the BLE beacons attached to
the residents and each location of a nursing home.

After specifying the location and recipient, the application
automatically switches its view to specify care activities re-
lated to location. Then, the staff taps the items in the view
of the application to input the information and send it to the
server when they finish inputting. For example, when a staff is
nursing a resident in the toilet, the system specifies the toilet
as the nursing care place and the resident as the care recipient,
and shows the record items related to the toilet and the resident
(e.g., the situation of the feces and the pee).

To evaluate the performance and effectiveness of our pro-
posed system, we conducted an evaluation experiment in our
laboratory. In the experiment, we compared the time for in-
putting information, the accuracy of recording and the usability
of the system between the proposed system, the conventional
system and the handwriting method. The result shows that by
using the proposed system, the time for inputting information
is shortened while maintaining the accuracy of recording.
Moreover, we found that participants can easily understand
how to use the system. The participants also reported that
they felt less annoyed when they used the proposed system to
make care reports.

The rest of this paper is organized as follows. Section II
reviews existing work related to this paper. Section III presents
our proposed system. Section IV describes experiments and
results. Finally, Section V concludes this paper.

II. RELATED WORK

In the nursing home, staffs have to do the nursing for
several residents simultaneously and make care report for
each resident. The load of making records is heavy for staffs.
According to the research [2], approximately 25% of their
daily work is recording work. Also, the research [7] reported
that writing report is one of the most time-consuming tasks.
As shown in these research, staff have lesser time for essential
nursing works due to report writing. Therefore, many studies
have focused to reduce the load of making reports.

There is a study that supports making care reports by
collecting voice message from staffs in cooperation with smart
phone and head-set, and share the information with other staffs

[8]. However, this system cannot make care reports directly but
only show or share the information. Staffs have to make care
reports by checking the information.

For home nurses, there is a system with which nurses can
input information about the patient by using smart phone [9].
Nurses record the message or nursing contents by using their
voice, and they share the voice message. However, in this
system, they must record voice message and listen to them,
which it is also troublesome.

Some studies [10], [11] used ECG sensors, heart rate sensors
and temperature sensors for physiological monitoring, and
accelerometer sensors attached to the human arm to estimate
patients movements. However, they can only collect informa-
tion roughly, instead of the detailed contents about nursing.
Through the camera attached to the resident, staff can know the
location of residents [12]. However, this method has privacy
problem.

In addition, we conducted a research to estimate activities
of residents by using BLE beacons, and to generate semi-
automatic daily care reports by summarizing information in
time series [3]. In this system, we observed the RSSI value
of the BLE signal emitted from the BLE beacon carried
by each resident through receiver, and semi-automatically
generate care reports by estimating the location of residents
and activities by machine learning. But this system was still
unable to record detailed contents.

III. PROPOSED SYSTEM

To offset the limitations in our previous system, we propose
a novel mobile memo system. In this section, we introduce
the configuration of the proposed system and the design of
application.

A. System Configuration

Daily care reports usually contain specific information re-
lated to the location, for example, the situation of the feces
in the toilet, the information of meals in canteen, etc. In
this study, we propose a mobile memo system which can
automatically switch information input screen and its items
depending on location. The mobile memo system can identify
the nursing staff and the recipient automatically so that the
staff can easily create the daily care report. To realize this
system, it is necessary to achieve the following three require-
ments:

o Switch the view automatically depending on the location
in the nursing home

« Identify the elderly or nursing staff and show the result
on the screen

o Provide comprehensible interface and usage

B. System Design

The configuration of the system is shown in Fig. 2. The
system consists of BLE beacons attached to residents for
identifying the care recipient, BLE beacons attached to each
location of the nursing home for identifying location of the
nursing, the devices installing the memo system for inputting
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Fig. 2. System flow

information, and a cloud server for storing data and dealing
with information transmission (e.g. identification of residents,
daily care reports, etc.).

The residents of the nursing home are required to carry a
BLE beacon with them while staying inside the nursing home.
Each BLE beacon has unique Universally Unique Identifier
(UUID), major, minor numbers so that each resident can be
identified by these numbers in this system. Typically, when a
staff does some care activities, the care recipient is usually the
resident closest to the staff. Therefore, the device carried by the
staff scans the Bluetooth signal emitted from the BLE beacons
(attached to residents) and calculates the Received Signal
Strength Indication (RSSI) value. After calculating the RSSI
value, the device picks the origin (resident) of the strongest
signal as the recipient and shows it on the screen.

We also install BLE beacons in each location of the nursing
home so the device can identify the location of the staff
in the same way as the identification of the recipient. Each
BLE beacon has UUID, major, minor, numbers so that each
resident can be identified by these numbers in the same way
as identifying the location.

The nursing staff carries a device for using the memo
system. In this study, we use an iPod as the device because of
its lightweight and less interference to the nursing activities.
The device identifies the recipient and the nursing location by
scanning the BLE beacons attached to the residents and the
location and shows the result on the screen. The nursing staff
can input the information of the nursing activity by tapping the
items on the device and submit them to a server. In the server,
the time of nursing, the staff’s name, the recipient’s name, the
nursing location and the detailed information related to the
location are stored.

By scanning the signal of the BLE beacon to identify the
nursing recipient and the location, switching the information
input screen automatically, and showing specific contents on
the screen of the device, the proposed system satisfies the 3
requirements mentioned in Section III-A.

C. Application

Fig.3 shows the image of the application installed in the
devices carried by the nursing staff. Every time the staffs
care an elderly, they launch the application and input details
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Fig. 3. Application.

about the nursing such as the information of the meals and the
situation of the feces of the recipient. The application supplies
the information of the recipient and the nursing location
automatically by scanning the signal of the BLE beacon.

Also, after the identification, the application shows the
specific items on the screen and the staff can input information
by choosing the items and submit it to the server. Items
depending on the nursing home location are shown on the
device, then staffs tap them to input contents, and save on the
Server.

Suppose a case where a nursing staff goes to the toilet
together with the recipient of the nursing and the information
of the staff, the BLE beacon, etc. have been registered in the
application in advance. The flow of nursing with this memo
system is shown below: 1) A staff and a resident go to the
toilet; 2) The staff launches the application; 3) The device
scans the signal of the BLE beacons attached to the resident
and the nursing home to identify the recipient and the nursing
location; 4) The device switches to the specific view related
to the toilet and shows the information of the identification; 5)
The staff taps the items related to the toilet (e.g. the situation
of the feces) on the screen and input data; 6) The staff taps
the save button and sends the data to the server; 7) The sever
stores the record of time and contents received.

Through these series, staffs can record detailed contents
about the nursing care. This system improves the efficiency of
the generation of the daily care reports since the information
about the care recipient and the nursing care location is
automatically inputted by scanning BLE beacons and the
detailed contents about the nursing care sent to the server are
stored in the database for staffs to review them anytime.

IV. EXPERIMENT

Before conducting an experiment in actual nursing home,
we evaluated the feasibility of our proposed application in the
emulated environment.

A. Outline of Experiment

In this emulated environment, a place name, a recipient
name, and recipient status are randomly displayed on the
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screen of a laptop. Simultaneously, both beacon signals of
recipient and place are broadcasted from the laptop. We asked
participants to record the displayed information by three differ-
ent ways: 1) the proposed system; 2) the conventional system,
which does not have the automatic switching function; 3) the
handwriting method. Then, we evaluated the time for inputting
information, the accuracy of recording and the usability of the
system.

Eight participants attended our experiments. We asked each
participant to write nursing care records about the care place,
care recipient, and nursing contents 30 times by three methods.
After making records, we asked them to answer a question-
naire to evaluate the usability.

B. Emulated Environment

In the emulated environment, three kinds of information
(the care place, the care recipient, and detailed nursing care
contents) are randomly shown on the PC. Simultaneously,
two BLE signals associated to the displayed information are
transmitted from the same PC.

As a care place, seven locations such as toilet or reha-
bilitation room are registered in advance. It is based on the
actual nursing home environment we are collaborating with.
As the care recipients, 20 persons are registered. It is also
based on the actual environment. Because under Japanese law,
the maximum number of registrants per facility is limited to 29
persons, and the maximum number of acceptances per day is
limited to 18 persons, the number of 20 persons is reasonable.
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TABLE 1
COMPARISON OF 3 RECORDING WAYS
‘ Proposed ~ Conventional =~ Handwriting
Average time for recording(s) 9.0 14.8 21.9
Accuracy(%) 97.7 99.5 99.9

The nursing care content depends on the location. For
example, “rehabilitation, Mr.Yamada, Parallel bars,” or “Bath,
Ms.Kato, Whole body bath” are shown as contents. The time
until switching to the next contents is as the input time for
one input.

We conducted evaluation experiments by the three methods:
1) the proposed system; 2) the conventional system; 3) the
handwriting method. We show the outline of each method
in Fig. 4-6. In the experiment of the proposed and the
conventional systems, participants use a mobile application we
developed. Although the user interface of both applications is
the same, embedded functions are different. In the experiment
by handwriting method, participants take notes about the care
location, the resident’s name, and the detailed content by hand.
After taking notes 30 times, we choose one resident name, and
asked participants to collect information about the resident and
summarize to reports.

We asked participants to answer a questionnaire after en-
tering records by each method. The questionnaire consists of
questions to answer in five levels for ease of use and we asked
participants about the usability of the system such as ease of
recording and the clarity of the system.

C. Results

We evaluate our system from the following three points;
(1) the time for making care reports, (2) accuracy of reports
created, (3) the labor and annoyance in making reports.

We show the time and accuracy for inputting contents in
Table I, and the box plot about the time of recording reports
in Fig. 7.

When comparing the average time of inputting, the time in
the proposed system was 9.0 seconds which was the shortest.
Moreover, participants could input contents most quickly by
the proposed system. The time of inputting by the conventional
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system and handwriting were 5.8 seconds and 12.9 seconds
more than the proposed system respectively. The interquartile
range of the input time by the conventional system was 14.7,
while the range by the proposed system was 6.2. Regardless
of contents, the input time was almost the same. Participants
could fill contents within 30 seconds by the proposed or
conventional system. However, in the case of handwriting
method, it took over 30 seconds.

Also, in the handwriting method, participants spent long
time for classifying and rewriting. When summarizing notes
to reports, participants must find the records of the specific
care recipient and copy them, which was useless. The average
time of classifying and summarizing one content was 18.3
seconds. When staffs do such things for all residents, it will
take longer time.

Regarding the correct answer rate, the results of all methods
were almost perfect. However, comparing these results among
the methods, handwriting input showed the highest correct
answer rate and the proposed system showed the lowest. In
the proposed system, participants could submit a record even
if they did not select all the three required fields. Therefore,
they submitted a record before the resident’s name was shown
on the application or the system cannot identify the resident’s
name correctly. In the experiment, if the device cannot receive
BLE signals and automatically switch contents in the input
of the proposed system, we asked participants to choose and
record the correct contents from the list. However, the case
recorded by this way is only 0.7% of all recordings. Therefore,
the system can correctly receive BLE signals.

The result of questionnaire about annoyance of inputting
is shown in Fig. 8, and the result of questionnaire about the
proposed system is shown in Fig. 9. In Fig. 8, we compared the
questionnaire results on the labor and annoyance of recording.
We asked participants to evaluate the annoyance of input in
five levels: Very easy, Easy, Neither, Troublesome, and Very
troublesome. No one answered that inputting by the proposed
system was troublesome. But more than 80% of them said
that input by the conventional system was troublesome, and all
participants answered that handwriting was troublesome. Also,
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from Fig. 9, about usage of the system, we found that more
than 80% of participants could understand the operation of the
proposed and conventional systems very quickly or quickly.
About the response speed of these system, there were both
those who reported it was slow and those who reported it was
fast. There was not much difference between the proposed
system and the conventional system.

We found that the time for creating records can be shortened
by using the proposed system. Specifically, compared with
handwriting method which is the current way in our collabo-
rated nursing home, the required time for inputting one data
was reduced to half by using the proposed system.

In the conventional system, participants must select the care
location, the care recipient and detailed care contents from the
list. On the contrary, first two items are automatically filled in
our proposed system. It contributes to reduce the required time
for recording.

If there are many locations and residents, participants will
need to select a specific item from even more choices in
the conventional system. In the handwriting method, it took
much more time to classify and summarize memos, with
the increase of locations or residents. On the contrary, our
proposed system is not affected by the increase of choices
because it automatically identifies the locations and residents.
By using the proposed system, participants do not need to
classify or summarize the distributed paper memos. Hence,
the time of making care reports was drastically shortened.

Since the task in this experiment is simple, like selecting



the item from the list, the effect of our proposed system is
relatively large. However, we still need to evaluate complicated
tasks like writing detailed long sentences or measuring the
maximum and minimum level of blood pressure in the future.

The accuracy of inputting records was very high with
all methods. Specifically, participants made few mistake by
handwriting method, because they checked the items every
time and they wrote content slowly one by one over time.
The most frequent entry mistake in the proposed system was
submitting empty records. Therefore, we need to improve the
application so that participants cannot send data unless all
contents are filled.

Moreover, the result of questionnaire revealed that partic-
ipants did not feel annoyed in inputting data and they can
input easily by using the proposed system. The reason of
reducing the annoyance is that the number of tap operation
while entering record is lesser than the conventional system.
Also, we found that participants were able to understand how
to use the proposed system quickly.

In this experiment, participants more required to tap three
times in the proposed system, and nine times in the con-
ventional system, at least until input is completed. In the
conventional system, OK button for confirming the selected
items always appeared after selecting the location and the
resident. Some participants felt bothered by this confirmation.
To input the correct data, the confirmation is important but too
many check operation annoyed participants.

In handwriting method, some participants said that writing
was not only troublesome, but also tiring their hands. We
determined that in writing, it took long time to make records
and the work was also physically hard. The response speed of
systems was the same between the proposed and conventional
systems, but some participants reported that the proposed
system was also slow because it took several seconds to
identify BLE signals and show items on the device.

In the proposed system, the system receives BLE signals,
switches the view depending on the participant’s location, and
shows information about nursing care. By using our system,
participants can easily input detailed care contents by simply
tapping on the view. Therefore, our proposed system fulfills
the requirements mentioned in Section III-A.

V. CONCLUSION

In this paper, aiming to reduce work load of care staffs
to make care reports, we proposed the mobile care recording
application which automatically identifies the location and
the care recipient, and switches the input view and items
depending on the location.

Then, we evaluated the time of inputting, usability, and
accuracy compared with the conventional system which does
not include automatic switching view function and handwritten
method. As a result, the input time was shortened by about five
seconds by using our system compared with the conventional
system. Furthermore, we carried out questionnaire about the
usability of the system and found that participants did not feel
any annoyance during inputting care information, and could

correctly make reports. By using our system, participants could
make reports easily and instantly.

As future work, we plan to conduct experiments in the
actual nursing home and evaluate and improve the system.
Additionally, we will discuss using this application in other
fields, such as factories, convenience stores, and so on.

ACKNOWLEDGMENT

This work is partly supported by Innovation Platform for
Society 5.0 and JSPS KAKENHI Grant Numbers JP16K00126
and JP16HO01721.

REFERENCES

[1] Care Work Foundation, “Survey on nursing labor situation,” 2016.

[2] Hiroyasu Miwa, Tomohiro Fukuhara, Takuichi Nishimura, “Service pro-

cess visualization in nursing-care service using state transition model,”

Advances in the human side of service engineering, vol. 312, CRC Press,

2012.

Kiyoaki Komai, Manato Fujimoto, Yutaka Arakawa, Hirohiko Suwa,

Yukitoshi Kashimoto, Keiichi Yasumoto, “Beacon-based multi-person

activity monitoring system for day care center,” Pervasive Computing

and Communication Workshops (PerCom Workshops), 2016 IEEE In-

ternational Conference on, IEEE, pp. 1-6, 2016.

Kiyoaki Komai, Manato Fujimoto, Yutaka Arakawa, Hirohiko Suwa,

Yukitoshi Kashimoto, Keiichi Yasumoto, “Elderly person monitoring

in day care center using Bluetooth Low Energy,” Medical Information

and Communication Technology (ISMICT), 2016 10th International

Symposium on, IEEE, pp. 1-5, 2016.

[5] Manato Fujimoto, “Smart Sensing for Automatic Care Report Gener-

ation in Day Care Center,” Smart Info-Media System in Asia (SISA

2017), International Workshop on, pp. 337-341, 2017.

Tatsuya Morita, Kenta Taki, Manato Fujimoto, Hirohiko Suwa, Yutaka

Arakawa, Keiichi Yasumoto, “Beacon-based Time-Spatial Recognition

toward Automatic Daily Care Reporting for Nursing Homes,” Journal

of Sensors, Vol. 2018, Hindawi, pp. 1-15, 2018.

Sozo Inoue, Naonori Ueda, Yasunobu Nohara, Naoki Nakashima, “Mo-

bile activity recognition for a whole day: recognizing real nursing

activities with big dataset,” Proceedings of the 2015 ACM International

Joint Conference on Pervasive and Ubiquitous Computing, ACM, pp.

1269-1280, 2015.

[8] Kentaro Torii, Naoshi Uchihira, Yuji Hirabayashi, Testuro Chino,

Takanori Yamamoto, Satoko Tsuru, “Improvement of Sharing of Ob-

servations and Awareness in Nursing and Caregiving by Voice Tweets,”

Serviceology for Designing the Future, Springer, pp. 161-175, 2016.

Mads Nyborg, Khurram Bashir, Asta Maknickaite, “SmartNursing-a

mobile application to improve communication in home care,” The

Fifth International Conference on eHealth, Telemedicine, and Social

Medicine, 2013. Curran Associates, 2013.

[10] M. Pallikonda Rajasekaran, S. Radhakrishnan, P. Subbaraj, “Sensor
grid applications in patient monitoring,” Future Generation Computer
Systems 26.4 (2010), pp.569-575, 2010.

[11] Andreas Lymberis, “Smart wearables for remote health monitoring, from
prevention to rehabilitation current R&D, future challenges,” Informa-
tion Technology Applications in Biomedicine, 2003, 4th International
IEEE EMBS Special Topic Conference on, IEEE, 2003.

[12] Yungeun Kim, Hyojeong Shin, Yohan Chon, Hojung Cha, “Smartphone-
based wi-fi tracking system exploiting the rss peak to overcome the rss
variance problem,” Pervasive and Mobile Computing, Vol. 9, No. 3, pp.
406-420, 2013.

3

[}

[4

=

[6

[t}

[7

—

=
X



